ABSTRACT. An authentic approach to river rehabilitation emphasizes concerns for the natural values of a given place. As landscape considerations fashion the physical template upon which biotic associations take place, various geomorphic issues must be addressed in framing rehabilitation activities that strive to improve river health. An open-ended approach to river classification promotes applications that appreciate the values of a given river, rather than pigeonholing reality. As the geomorphic structure of some rivers is naturally simple, promoting heterogeneity as a basis for management may not always be appropriate. Efforts to protect unique attributes of river systems must be balanced with procedures that look after common features. Concerns for ecosystem functionality must relate to the behavioral regime of a given river, remembering that some rivers are inherently sensitive to disturbance. Responses to human disturbance must be viewed in relation to natural variability, recognizing how spatial relationships in a catchment, and responses to past disturbances, fashion the operation of contemporary fluxes. These fluxes, in turn, influence what is achievable in the rehabilitation of a given reach. Given the inherently adjusting and evolutionary nature of river systems, notional endpoints do not provide an appropriate basis upon which to promote concepts of naturalness and place in the rehabilitation process. These themes are drawn together to promote rehabilitation practices that relate to the natural values of each river system, in preference to applications of "cookbook" measures that build upon textbook geomorphology.
INTRODUCTION: NATURALNESS AND PLACE IN RIVER REHABILITATION
Goals of river rehabilitation programs vary from system to system, reflecting combinations of socioeconomic, cultural, and biophysical values of a given place. These factors determine what is realistically achievable and what is desired in any given catchment. Societal perceptions are shaped largely by cultural and esthetic values (e.g., Junker and Buchecker 2008). These perspectives are partly experiential (based on familiarity and worldviews) and partly aspirational (the kind of society and environment we would like to live within). A mechanistic worldview may savor the elegant simplicity and hydraulic efficiency of a fully regulated, smooth, well-behaved canal that supports a limited range of aquatic flora and fauna. To others, a more natural, self-adjusting, dynamic, "messy" river that supports a range of native flora and fauna is desired (e.g., Kondolf 2006) .
In this paper, various geomorphic themes related to naturalness are outlined that the authors feel are integral issues in the quest to improve river condition at any given place. The intent is to challenge prevailing mindsets of many river restorationists to provide guidance on measures that work with nature rather than re-engineer nature, encouraging practitioners to move beyond "cookbook" approaches to river rehabilitation that unintentionally promote a placeless universalism (see Simon et al. 2007 ). Geomorphic principles of naturalness and place are considered to underpin ecosystem integrity as a basis for effective river rehabilitation, as landscape considerations fashion the physical template upon which biotic associations take place . This geomorphic perspective, in turn, determines the physical integrity of a river, providing a basis to promote resilient and self-sustaining systems. Such thinking is considered to be an integral underpinning of authentic, grounded approaches to river rehabilitation (Hillman and Brierley 2005) .
Ecology and Society 14(1): 20 http://www.ecologyandsociety.org/vol14/iss1/art20/ Notions of naturalness continue to provoke passionate arguments and perspectives among researchers (e.g., Montgomery 2008, Wohl and Merritts 2007) . However, it is the attitude of managers, stakeholders, and the community to such matters that forms the backbone of rehabilitation practice. Is naturalness some form of historical state, a good condition reference reach, or an artificial preconception of what the river should be like (e.g., Kondolf 2006 )? A geomorphic perspective views a natural river as one that is appropriate for the given landscape or environmental setting, with a character and behavior that is expected given the boundary conditions under which the river operates (Brierley and Fryirs 2005) . In this way, naturalness is not embedded in the past. Rather, it is a functional state that adjusts its character and behavior in response to flow, sediment, and vegetation fluxes Fryirs 2005, Hughes et al. 2005) . Unless perceptions of naturalness allow for evolution and change (in its broadest sense), it could be argued that rehabilitation activities are managing for historical relicts rather than river futures (cf. Brierley and Fryirs 2008) .
The approach adopted here targets naturalness as the key underlying goal for rehabilitation activities, promoting benefits in both ecological and economic terms. A "place-based guiding image" is considered to provide the best way to undertake rehabilitation practice, focusing attention upon field-based insights into naturalness. This entails critical thinking in the application of management techniques, using them as learning tools rather than prescriptive mechanisms with which to impose a fixed template upon any given reach. Inherent dangers in using reference conditions to derive notional endpoints are highlighted, reframing perspectives to emphasize concerns for living, evolving rivers (Everard and Powell 2002) . Use of guiding images framed in relation to naturalness involves consideration of representativeness (diversity), the range of behavior (dynamic), and evolutionary trajectory and prevailing fluxes. In this way, reference conditions provide a guide, not a template, with which to apply rehabilitation practices (Hilderbrand et al. 2005 , Hughes et al. 2005 . The key question to ask in determination of reference reaches is: representative of what?
In answering this question, authentic approaches to river rehabilitation must challenge dominant mindsets that pervade contemporary management approaches in many parts of the world. Firstly, field evidence should be used to inform and guide rehabilitation practice, rather than relying on cookbook applications of textbook knowledge. Respecting the diversity of river forms in any given catchment provides the baseline upon which to work. Secondly, rehabilitation practice should be framed around how a river works and adjusts (its range of behavior), rather than what it looks like, ensuring that practice moves beyond perspectives that attempt to "fix" a river in place. Thirdly, rehabilitation programs should be appropriately framed in relation to the spatial and temporal context of any given activity. Due regard should be given to treatment responses, highlighting how adjustments in any given reach will have off-site consequences. Catchment-scale considerations are required to identify threatening processes and limiting factors that may compromise the effectiveness of rehabilitation practices. Activities should also be framed in relation to evolutionary trajectory, striving to ensure that short-term benefits are not achieved at the cost of longer-term losses, hindering the capacity of future generations to address these concerns. This opinion piece considers each of these issues by posing a series of questions that practitioners should address in efforts to rehabilitate river systems.
RIVER DIVERSITY, RIVER BEHAVIOR, AND SPATIAL AND TEMPORAL CONTEXT IN RIVER REHABILITATION

River Diversity
Do river rehabilitation practices apply openended thinking to river characterization, rather than pigeonholing reality?
To some, the diversity of river forms and processes is an element of natural beauty that is to be cherished, nurtured, and sustained; to others, it presents perplexing complexity that is to be simplified, suppressed, and tamed. Intrinsically, the geoecological viewpoint that underpins rehabilitation promotes the former perspective. Natural rivers vary significantly in different landscape and climatic settings. Variability in discharge regimes and vegetation coverage (driven by climatic setting), slope and confinement (driven by landscape morphology), sediment supply and caliber (driven by geological setting) induces inherent variability in the types of rivers formed. For example, braided rivers are expected in steep, http://www.ecologyandsociety.org/vol14/iss1/art20/ sediment-charged, high-relief landscape settings, whereas anastomosing rivers are expected in lowslope, low-sediment-load, low-relief landscape settings.
Countless studies have outlined how geomorphic river diversity reflects a continuum of environmental conditions, along which variants of river morphology and behavior extend from bedrock to fully alluvial types along a gradient of slope and energy conditions (e.g., Church 2002 , Montgomery 1999 . There is no magic number of variants of river types (Brierley 1996) . Any given type of river may be found along a range of environmental conditions. Conversely, differing types of river can exist under a given set of energy and environmental conditions. Although discriminating functions can be used to differentiate the ranges of conditions under which differing types of rivers are found (e.g., Carson 1984 , Millar 2000 , this is not the same as a threshold-induced circumstance under which a particular type of river occurs within a particular process domain. Other than for managerial convenience, there is little to be gained in using black-box approaches to river classification that pigeonhole reality in ways that are not necessarily appropriate to a given situation or location (Kondolf 2006 , Simon et al. 2007 ). An open-ended approach to river characterization and classification conveys a realistic appreciation of the types and patterns of rivers found in any given place. Respecting this inherent diversity is a key part of an authentic approach to river rehabilitation.
Is the river system naturally heterogeneous or homogeneous?
Increasing the heterogeneity or complexity of channels and floodplains with the intention of increasing habitat availability and biodiversity is often a key focus in river rehabilitation initiatives. However, blanket applications of the heterogeneity paradigm are not always appropriate. In some instances, the natural geomorphic structure and behavior of a river may be relatively simple. A classic example is a chain-of-ponds river. These discontinuous watercourses comprise swampy valley fill, scour ponds, and indistinct preferential drainage lines (McTaggart et al. 2008) . Aquatic flora and fauna have subsequently adapted to this simple structure. The notion of natural simplicity or complexity of geomorphic structure can also be viewed at broader scales. For example, a catchment with two different types of river is no less worthy than a catchment with 10 river types.
In some instances, enhanced heterogeneity of river structure may be an unintended geomorphic response to human disturbance, whereby the diversity of landforms, the range of available habitat, and the range of behavior are enhanced under modified conditions relative to the natural state. For example, incision into basal gravel lag deposits following removal of riparian vegetation and woody debris may induce a more heterogeneous geomorphic structure, with enhanced hyporheic functionality, but the river is now in a much poorer condition (e.g., Hoyle et al. 2008) .
Finally, what is natural or expected in terms of system complexity does not merely reflect the range of features and their sensitivity to disturbance. Rather, consideration must also be given to how these units interact and the spatial arrangement or assemblage of these units. Pattern is critical.
Is due regard given to "common" attributes as well as unique values of rivers being managed?
Effective rehabilitation practice meaningfully relates the unique attributes of any place to more representative attributes, separating the distinctive from the common. Both are vital components of fully functioning riverine environments. Undue regard for unique attributes that comprise 1% of river course length in a catchment will not engender sustainable outcomes without considering biophysical functionality elsewhere in the system. Care must be taken not to overrepresent uniqueness to the detriment of commonness.
Conversely, many more unique intact, pristine, wilderness, or good-condition rivers form the basis for protection and conservation initiatives. In considering the use of these reaches as reference sites, practitioners have to ask what the reference conditions are representative of (Hilderbrand et al. 2005 , Hughes et al. 2005 )? Selection of single-site reference conditions runs the risk of inducing uniformity across the landscape toward a preconceived condition. For example, given the significant diversity in character and behavior among, say, meandering or braided rivers, it is inappropriate to set target conditions for all reaches of these river types in relation to pre-existing or even pre-disturbance conditions (e.g., Tockner et al. 2003 , Hohensinner et al. 2008 . Consideration should also be given to why these remnant reference sites remain intact. Is it simply serendipity (e.g., the terrain was too steep for forest clearance) or is there some inherent resilience to these systems that is not Ecology and Society 14(1): 20 http://www.ecologyandsociety.org/vol14/iss1/art20/ representative of other reaches that are no longer intact? The development of a "guiding image" for river rehabilitation should be based on a range of geomorphic insights rather than relying simply on a referential or carbon-copy approach (Hilderbrand et al. 2005 ) that induces "commonness" across the landscape.
River behavior
Is due consideration given to the adjusting nature of the river (range of behavior), or do management actions aim to fix rivers in place?
Any rehabilitation strategy that works to a textbook model of river character and behavior, with a fixed sense of what the river should look like and how it is allowed to adjust, is destined to fail (Kondolf 2006 , Simon et al. 2007 . Rather than presenting rehabilitation in terms of static expectations, rehabilitation should be framed in terms of dynamics-the rehabilitation of a living entity to enhance ecological values in relation to natural relationships (Jansson et al. 2005) . For this to be achieved, practitioners must recognize the inherent capacity of the system to adjust and change in response to stimuli and disturbance events, and frame rehabilitation strategies accordingly (e.g., Brierley and Fryirs 2005) . For example, it is expected that a meandering river will adjust laterally and bank erosion will occur on the concave banks of bends whereas thalweg shift is a key behavioral attribute of a braided river. These adjustments produce the disturbances that create the range of habitat for these different river types.
Just as the range of behavior varies for different types of rivers, so too does the sensitivity of these rivers to adjust (Brunsden and Thornes 1979, Brierley and Fryirs 2005) . Some rivers are naturally threshold driven and sensitive to adjustment, whereas others gradually adjust and may be considered resilient to change over longer timeframes. However, the term "resilience" can be used in very different ways by different practitioners (Folke 2006) . To ecologists, it conveys a sense of the self-sustaining capacity of a system that is able to adjust and adapt to disturbance events. To engineers, a resilient river is one that responds negligibly to flood events, land-use pressures, climate change, etc. The latter mindset merely extends an ethos of command and control and stability, viewing management success in relation to short-term reductions in maintenance costs, while minimizing unforeseen consequences that may place the project in a poor social light . In many instances, this attitude has suppressed the inherent sensitivity of a river in ways that are contrary to the natural behavioral regime of that system. Alternative perspectives, such as space to move, erodible corridor, and channel migration zone programs, expect the river to adjust, such that success is measured by the re-adoption of a wider range of behavioral attributes (Rapp and Abbe 2003 , Piégay et al. 2005 , Brummer et al. 2006 ).
Spatial and Temporal Context
Are system responses to human disturbance differentiated from natural variability of the system? Humans have had a fundamental, irreversible, and ongoing impact on the character and behavior of many river systems (e.g., Gregory 2006) . However, different types of river have responded in different ways to differing forms of human disturbance. Unravelling the impact of human disturbance from natural variability provides key guidance on the expected character and behavior of a system, determining whether irreversible change has occurred and whether processes have been enhanced or suppressed over time . In some instances, human disturbance has increased the range of system behavior. For example, removal of wood and vegetation clearance increases the ease with which a channel is able to adjust (i.e., the river is more sensitive to disturbance). Elsewhere, human disturbance decreases (suppresses) the range of system behavior (e.g., Hughes et al. 2005) . For example, flow regulation typically reduces the capacity of a river to adjust its form. If river rehabilitation practice aims to restore process, then the range of behavior required to support a functioning ecosystem needs to be established, even in the light of human disturbance. In some instances, human disturbance may modify the rate and pattern of geomorphic adjustments. For example, incision is a natural process that is induced by exceedence of intrinsic and extrinsic thresholds in cut-and-fill landscapes. Generally, long periods of sedimentation are interrupted sporadically by short phases of incision. Human disturbance modifies this relationship, and "cut" phases tend to become ubiquitous in these settings (Cooke and Reeves 1976, Prosser and Winchester 1996) .
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Is the evolutionary pathway of the river being used to inform rehabilitation practice?
Understanding long-term river evolution and its relation to environmental histories should be used to ground studies that scope the future . Montgomery (2008) and Wohl (2005) highlight that a solid understanding of what the targeted rivers were like, before undoing or mitigating the degrading influences that currently dominate the system, should be one of the first tasks in river rehabilitation programs. Montgomery (2008: 292) states that "it pays to do the painstaking work of historical sleuthing-even in areas thought to define benchmarks in understanding. " Wohl (2005: 14) states that "rivers have a history, and restoration or other management activities conducted in ignorance of this history are a disservice to river ecosystems and to human society." In many instances, antecedent controls exert a significant influence on contemporary river character and behavior (Trofimov and Phillips 1992) . Understanding the past allows causes of change (either positive or negative) to be identified, such that rehabilitation practice can address these causes (e.g., Montgomery 2008 , Spink et al. 2009 ). Thus, history matters, and understanding river evolution provides a powerful basis with which to explain why a system is the way it is today and how it may adjust in the future. Management practices that occur in ignorance of this premise are likely to have negative consequences (see Kondolf et al. 2001) .
Historical imprints, off-site (lagged) disturbance responses, and complex response (among other factors) ensure that rivers seldom behave as linear cause-effect, equilibrium systems (Phillips 2003) . System specific attributes shape the range of potential future pathway(s) of adjustment. It is not possible to identify how close a system lies to a threshold condition, what magnitude or frequency of event will breach this condition, and when that event will occur. Given this inherent uncertainty, a range of scenarios should be presented as potential outcomes to treatment responses (Schmidt et al. 1998, Darby and Sear 2008) .
As noted by Wohl et al. (2005) , restoration of process is more likely to succeed than restoration aimed at a fixed endpoint. Indeed, thinking in terms of endpoints is questionable, as rivers are dynamic, evolving, nonlinear entities. Do rivers stop adjusting and evolving when they reach an endpoint? Such thinking conveys an inappropriate sense of what rehabilitation is about. Ongoing commitment is required to sustain the process of river repair.
Is each treatment reach appropriately placed in its catchment context?
Downstream patterns of river types and their process zone dynamics (i.e., whether they act as source, transfer, or accumulation zones; Schumm 1977) are key controls on the operation of flow, sediment, and vegetation interactions. Reach position within a catchment also dictates the degree to which it is affected by disturbance events of various magnitude and frequency (e.g., the upstream progression of a headcut or downstream movement of a sediment slug) (Sear et al. 1995) . This is regulated by the degree of (dis)connectivity between reaches, determining if and where disturbance will be manifest in a catchment (Kondolf et al. 2006 , Fryirs et al. 2007 ).
Flow regulation schemes, along with other forms of human disturbance, often result in disconnected river systems. McCully (2001) refers to these systems as silenced rivers. However, the perception that disconnectivity is inherently bad for rivers is a dangerous assumption, as this notion should be viewed in light of the natural degree of connectivity within a system. Indeed, artificially increasing connectivity over natural levels may have negative consequences. Whereas previous work considered rivers as continuously connected conduits (e.g., Vannote et al. 1980) , recent work highlights the variability in (dis)connectivity in fluxes of water, sediment, vegetation, macroinvertbrate transport and dispersal (Ward 1989 , Moilanen and Nieminen 2002 , Kondolf et al. 2006 , Fryirs et al. 2007 ). Not all channels are efficient and effective conduits. In this light, rehabilitation planners must consider whether the systems they are working in are naturally connected or disconnected. Each reach must be viewed in relation to prevailing fluxes at the catchment scale.
Disconnectivity and isolation may have important implications for ecosystem evolution and genetic diversity of particular species. Physically or spatially isolated river basins (or even reaches) may contain unique assemblages of macroinvertebrates, fish, and other organisms that have evolved in a naturally disconnected landscape (Sheldon and Thoms 2006) . In geomorphic and hydrological terms, disconnectivity regulates the transport of Ecology and Society 14(1): 20 http://www.ecologyandsociety.org/vol14/iss1/art20/ sediment and the filtering of water in landscapes (Fryirs et al. 2007) . As a consequence, physically disconnected systems may be more resilient to adjustment as they isolate degrading processes from being manifest in off-site locations.
Analyzing reach position in the catchment relative to threatening processes and limiting factors, and the degree of landscape (dis)connectivity in that catchment, allows practitioners to scope future scenarios for river systems . Will a treatment reach experience degrading or positive influences from upstream (e.g., sediment slugs, nickpoints, exotic vegetation or fauna)? From where will the sediment, vegetation, and aquatic fauna be sourced and dispersed to enhance river recovery in the treatment reach? How will rehabilitation of the treatment reach affect other reaches?
To the knowledge of the authors, there are few examples in which these geomorphic principles have been clearly and effectively outlined within catchment management plans, let alone implemented to promote the process of river repair. In this context, questions must be asked about the effectiveness with which scientific principles are guiding river rehabilitation practice .
DISCUSSION AND CONCLUSION
The mindsets of river practitioners are largely contingent on how individuals use knowledge from their own upbringing, experience, and training (Brook 2006 , Pahl-Wostl 2006 . The themes raised here may challenge dominant and inherent mindsets. Ultimately, however, the questions asked in this paper could be used as a checklist with which to evaluate whether contemporary rehabilitation programs truly reflect the natural values of river systems. Ecosystem-based approaches to river rehabilitation are a relatively recent phenomenon, and inertial effects are bound to prompt resistance. Hopefully, the era of river repair will embrace more integrative, transdisciplinary practices that merge perspectives from natural and engineering sciences and social science .
A less optimistic perspective envisages differing sets of agendas and management expediency overwhelming the rehabilitation process. Notions of engineering resilience may threaten biophysical and or sociocultural values of rivers, framed as an alternative static perspective of rivers (i.e., not a hydraulically smooth, trapezoidal channel, but a woody, vegetated, rough, meandering stream that is still locked in place). Oversimplification of river systems through the non-critical application of cookbook practices that fail to consider the inherent naturalness of a given river potentially threaten the very things we are trying to protect. Prospectively, this could railroad the process of river repair. Many rehabilitation strategies continue to apply various myths that promise particular outcomes over unrealistically short timeframes (Hilderbrand et al. 2005 , Kondolf 2006 , Simon et al. 2007 ). Unless rehabilitation is viewed as a learning exercise rather than a prescriptive toolkit, efforts are destined to fail. A change in mindsets is required if the era of river repair is to successfully face the environmental challenges of the 21 st Century.
Themes outlined in this paper promote naturalness as a platform to frame what we are trying to achieve in river rehabilitation. But we have to ask ourselves, are existing blueprints and vision statements just rhetoric? Are we really doing adaptive management? Are we learning from past mistakes? Are we being too shortsighted? Are we simply rebadging old techniques and ideas in a "softer" context? If so, how can we rectify this? To the authors of this paper, the most effective rehabilitation practices allow the landscape to speak for itself. This requires careful observation, interrogation, interpretation, and monitoring to explain what is happening and why. In a sense, "reading of the landscape" requires that we "think like an ecosystem" (with apologies to Aldo Leopold). Adaptive thinking and learning processes embrace a holistic understanding of river structure, behavior, and evolution (Clark 2002) . Each situation is treated separately. Answers are sought from the landscape, not a book or toolbox. This approach moves a practitioner away from preconceived and imported ideas that pigeonhole reality, accommodating what is observed in the real world.
Adaptive thinking and learning is not easy. Indeed, it must be questioned whether it is teachable, or simply requires nurturing of an innate ability. Experiences from tertiary and professional shortcourse teaching by the authors reveal that some practitioners "get it," whereas others simply don't. Understanding of these issues is not a simple or trivial task. Indeed, why would one expect it to be simple? Landscapes and ecosystems are complex http://www.ecologyandsociety.org/vol14/iss1/art20/ systems that have unique histories and configurations that will continue to grow and change (Phillips (2007) calls this the perfect landscape). Having said this, overly complicated and convoluted explanations are difficult to communicate, are not necessarily right, and will not necessarily provide appropriate answers. The ability to develop the "just right" approach is particularly challenging.
Ultimately, however, rehabilitation is as much a social process as it is a technical process (Folke 2006 , Higgs 2003 . The notions discussed here must be viewed in a sociocultural context, reflecting aspirations for particular places. Reconnection with natural processes and variability, appreciation of inherent uncertainty, and direct engagement and involvement (participation) are vital ingredients in the process of river repair (Bradshaw and Borchers 2000, Hillman and .
The effectiveness of communication strategies is fundamental to meaningful engagement in the rehabilitation process. Benda et al. (2002) and Boulton et al. (2008) highlight impasses that result when scientists, managers, and stakeholders with different mindsets and specialized knowledge structures attempt to work together on transdisciplinary projects (the number of which is slowly increasing across the globe). To address these issues, river rehabilitation should embrace social-learning mechanisms that extend beyond prescriptive toolboxes of techniques and associated tick-box exercises (Pahl-Wostl 2002 . Rather, practitioners must think about and explain what is happening in any given situation. There are significant dangers in the use of generalized knowledge, transferring findings from outside their original context. Geographic training, with its emphasis on the distinctiveness of places, multiple socioeconomic, cultural, and biophysical relationships, spatial links, and cross-scalar thinking, provides an ideal platform with which to ground this process.
In conclusion, the process of river repair requires ongoing commitment and application of proactive rather than reactive measures. Deriving an answer is not the endpoint, implementing a strategy on the ground is not an endpoint, "fixing it" is not an endpoint. Ongoing monitoring and maintenance should be a substantive component of every project (Bernhardt et al. 2005 . As circumstances change, community engagement and ownership are required to sustain long-term commitment. Reconnecting society to place enhances prospects to improve river health, framing rehabilitation activities as a part of sociocultural developments. Ultimately, the process of river repair is about the actions we take. The future of rivers is in our hands. 
